In a longitudinal study we investigated some cardiovascular responses to strenuous bicycle exercise in 33 healthy women during pregnancy and the postpartum period. The exercise electrocardiogram demonstrated depression of the ST segment in 12% of women in the absence of clinical signs of ischemia, and the incidence of these changes was unaffected by pregnancy. In spite of slightly different blood pressures at rest during the first and second trimesters of pregnancy, the blood pressure response to exercise at approximately 75% VOjrnax was virtually unaffected by pregnancy. After a maximal bicycle test, the fetal heart rate was increased by an average of 4 beats/min, without a change in pattern. Tocodynamometry suggested a transient increase in uterine activity after maximal exercise in 6% of the tests. These findings support the view that strenuous exercise of limited duration is not harmful to the healthy mother and fetus. (Am J O b s t e t G y n e c o l 1992;166:854-9.)
With ever-increasing num bers o f pregnant women wanting to participate in sport activities, the question as to how safe m aternal exercise is for m other and fetus becomes more im portant. With regard to the mother, cardiovascular adjustm ents to strenuous physical activ-611133020 ities could be dangerous because o f the added burden to an already hyperdynamic maternal circulation. On the other hand, the low resistance o f the dilated vas cular bed in pregnancy could have a protective effect on the circulation and depress the m aternal blood pres sure response to exercise.
Physical exercise o f the m other presents a potential threat to fetal health because uterine blood flow is known to decrease progressively with exercise inten sity.' Results o f early studies in healthy pregnant women suggested that even mild to m oderate exercise may occasionally be associated with fetal bradycardia during exercise,-; 1 but this finding was later dismissed as representing an artifact.1 Animal studies have dem onstrated that several compensatory mechanisms act Volume 166 Num ber 3
Strenuous bicycle exercise during pregnancy 855 together to preserve fetal oxygen consum ption even during exhaustive exercise.1 These observations pro vide the justification for a study o f m aternal and fetal responses to strenuous exercise in healthy pregnant women.
In this study in healthy pregnant women with u n complicated pregnancy, we assessed some physiologic responses to strenuous bicycle exercise relevant to the safety o f the m other and h er fetus: m aternal electro cardiogram (ECG), blood pressure, uterine contractil ity, and fetal heart rate (FHR).
Material and m ethods
We studied 33 women at 16, 25, and 35 weeks' ges tation and 7 weeks after delivery. In each study period we m easured m aternal blood pressure and recorded the ECG at rest and at increasing levels o f bicycle ex ercise until maximal aerobic power was reached; we also recorded FHR and uterine contractility at rest and during recovery. All women were healthy and had u n complicated singleton pregnancies. T h e study was ap proved by the Hospital and University Ethics Com mittee, and all women included in the study gave their inform ed consent.
Exercise was perform ed in an air-conditioned room at 21° C and 55% humidity. All participants underw ent a physical and obstetric exam ination before each test to exclude any abnormality. In addition, we recorded FHR by means o f Doppler ultrasound and uterine con tractility by external tocodynam ometry (model 111 fetal monitor, Corometrics, Wallingford, Conn.) in the sec ond and third trimesters o f pregnancy to ensure fetal well-being.
After 20 minutes o f rest in the semisupine position, each woman was asked to sit on a bicycle ergom eter (model II FE ergom eter 400 L, M ijnhardt, Bunik, The Netherlands). She was connected to a gas flow m eter (Oxycon 4, M ijnhardt) for a study o f maximal oxygen consumption on which we reported separately.5 T he volunteer was also connected to an ECG m onitor (model RM 102, Honeywell, Best, T h e Netherlands) and a bipolar ECG, lead CMr" from m anubrium to the left precordial position (V5), was continuously recorded (with a Cardiostat, Siemens, Stockholm). We m easured blood pressure at 3-m inute intervals with a standard sphygm om anom eter (Erka-sphygm om anom eter, Bad Tolz, Germany) and auscultation using Korotkoff sounds I and V to indicate systolic and diastolic blood pressures, respectively. A fter 5 m inutes o f baseline measurem ents at rest on the ergom eter, the woman started to exercise. T h ree m inutes o f warm ing up at 30 W was followed by stepwise increm ents in exercise intensity o f 10 W every 30 seconds until maximal oxy gen consum ption (Vo2max) was reached. This was fol lowed by 5 minutes o f cooling down at 10 W. The cardiotocogram could not be recorded reliably during exercise, so it was recorded during 20 m inutes o f re covery with the woman in a semisupine position.
T he ECGs were evaluated according to previously established criteria.6 Mean blood pressures were cal culated as ' A x (Systolic pressure + 2 x Diastolic pressure). T he cardiotocograms were evaluated in a blinded fashion with the use o f the Fisher score.7 In addition, we calculated the average basal FHR during the last 5 minutes o f rest and the first 5 minutes o f recovery with the woman in a semisupine position and measured the frequency o f contractions.
For each test period and each variable u n der consid eration we com puted mean values and standard errors o f the mean. Analysis o f variance and Student t tests were used to assess differences between paired vari ables. A p value o f <0.05 was taken as the level o f significance.
Results
T he 33 women who participated in the study, 23 nulliparous and 10 parous, rem ained healthy, with u n complicated pregnancies, throughout the study period, and they were delivered o f healthy infants. Maternal age at the time o f delivery was 30.9 ± 0.7 years (mean ± SE), gestational age was 40.3 ± 0.2 weeks, and birth weight was 3.43 ± 0.08 kg. Birth weight for gestational age, corrected for parity and fetal sex, was between the 10th and 90th percentiles o f the reference curve in 28, < 10th percentile in four, and > 90th p er centile in one infant.
All subjects were studied at 16.1 ± 1.0, 25.3 ± 0.7, and 35.0 ± 0.6 weeks o f pregnancy and at 6.7 ± 1 .4 weeks after delivery. Mean body weight at 16 weeks' gestation was 68.0 ± 1.7 kg, not different from the postpartum control value o f 67.6 ± 1.9 kg, but it in creased significantly with advancing gestational age to 71.8 ± 1.8 and 75.3 ± 1.8 kg at 25 and 35 weeks' ges tation, respectively.
T he values o f heart rate at rest and at maximal ex ercise have been previously reported.5 H eart rate at rest increased significantly with advancing gestational age from 87 ± 2 beats • min 1 at 16 weeks to 89 ± 2 beats • m in-1 at 25 weeks and to 94 ± 2 beats • min 1 at 35 weeks' gestation, as com pared with 83 ± 2 beats • m in "1 post partum . H eart rate showed a linear increase with exercise intensity to a maximum of 174 ± 2 beats • min 1 throughout pregnancy and 178 ± 2 beats • m in '1 post partum , as shown in Fig. 1 . Analysis o f the resting ECGs for abnorm al changes in conduction, repolarization, and rhythm showed no anomalies in 30 women; two dem onstrated sinus a r rhythmia and one had an ectopic atrial rhythm. During exercise, 28 women had a normal ECG throughout pregnancy and post partum ; four subjects showed Mean values o f systolic, diastolic, and mean arterial pressures at rest and at approxim ately 75% V o2max are shown in Table I . Systolic blood pressures at rest appeared to be unaffected by pregnancy, whereas di astolic and mean pressures were slightly lower during the first and second trim esters o f pregnancy as com pared with values obtained in the third trim ester and post partum . Systolic and mean arterial pressures showed a linear increase with exercise intensity (Fig.  1) . At approximately 75%> Vo_>max systolic and mean arterial pressures were significantly increased by an av erage o f 36% and 17%, respectively, whereas diastolic pressures increased marginally by an average o f 2%.
Mean values o f exercise intensity and systolic blood pressure were similar and values o f diastolic pressure were slighly lower in the first and second trimesters than in the postpartum period. During the third trimes ter the average exercise intensity at the time o f the m easurement was 5% higher and the systolic blood pressure d u ring exercise was 4% higher than in the postpartum period, whereas the diastolic pressure was similar. Except for a marginal difference at 16 weeks' gestation, calculated mean blood pressures during ex ercise in pregnancy were not different from the post partum value. Mean FHR during the first 5 m inutes after exercise showed a small but significant increase relative to the resting control value observed in the second and third trimesters; in the second trim ester it rose from 143.9 ± 0.9 to 148.7 ± 1.5 beats -min 1 and in the third trim ester from 140.7 ± 1.4 to 144.2 ± 1.8 beats • min T h e Fisher score could not be established in 10 o f the 33 subjects at 25 weeks' gestation because of poor quality o f tracings, whereas all 20-m inute trac ings except one were satisfactory at 35 weeks' gestation. Average scores after exercise were not significantly dif ferent from those obtained at rest, both at 25 weeks' gestation (9.7 ± 0.2 and 9.9 ± 0.1, respectively) and at 35 weeks o f pregnancy (9.5 ± 0.2 and 9.6 ± 0.2, re spectively). At 25 weeks o f pregnancy 22 o f the re maining 23 fetuses had an optimal score o f 8 to 10 points both at rest and after exercise. In one case the score changed from optimal (8 points) at rest to suboptimal (7 points) after exercise. At 35 weeks 30 fetuses were scored as optim al both before and after exercise, one changed from optimal (8 points) to suboptimal (7 points), and one changed from suboptimal (7 points) to optimal (10 points).
U terine activity was recorded reliably from all sub jects in both trimesters. At 25 weeks' gestation 32 of the 33 women showed no uterine activity before or after exercise; in one woman uterine contractility after ex ercise was not present at rest but was recorded after exercise. At 35 weeks' gestation 27 women had no u ter ine contractility either before o r after the bicycle ex ercise, three women showed some uterine contractility both before and after exercise, and three women showed a few irregular contractions after exercise, which subsided spontaneously. None o f the women no ticed the recorded contractions o r progressed into labor.
Comment
We observed depression o f the ST segment in 12% o f the pregnant women studied; similar" or much higher figures o f up to 75%" have been observed in other studies in healthy pregnant women. T he cause o f these repolarization abnormalities remains un known; most women with ST depression during ex ercise testing have angiographically norm al coronary arteries.'" It has been suggested that the ECG changes could be due to altered sympathetic regulation,"1 and one m ight speculate the ECG abnormalities during ex ercise may occur more frequently in pregnant women" because pregnancy may affect sympathetic regulation.12 O ur findings do not suggest that pregnancy markedly increases the incidence o f repolarization abnormalities or arrhythm ias in exercising women, but our study does not rule out a possible effect o f pregnancy. O ur data seem to support, however, the suggestion that exercise electrocardiography is of limited value in healthy preg nant o r nonpregnant wom en."
We used sphygm om anom etry and auscultation for the m easurem ent o f arterial blood pressure. This method has known limitations with respect to accuracy and precision, in the nonpregnant and pregnant state.H However, in this longitudinal study the errors inherent in the m ethod o f blood pressure m easurem ent may be expected to have been similar in all test periods, and for that reason it seems unlikely that they have affected pregnancy trends. In the first and second trimesters of pregnancy we found lower diastolic pressures at rest as com pared with those observed in the third trim ester 858 van Doom et al.
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Am J Obstet Gynecol and post partum but no significant differences in sys tolic blood pressure. This is in agreem ent with the lit erature and is thought to reflect a reduction in systemic vascular resistance." Systolic arterial pressure increases with exercise intensity, whereas diastolic pressure in creases only slightly.1'' Some authors reported a higher systolic pressure response to exercise in pregnant women than in nonpregnant ones,16 whereas others ob served no difference. 17, 18 We found that absolute values o f diastolic and mean arterial pressure d u rin g exercise were slightly lower d u rin g the first and second trim es ters o f pregnancy, which may reflect the lower resting values observed durin g these periods. Systolic blood pressure during exercise differed from that in the post partum period only in the third trim ester o f pregnancy, when it was significantly increased by 4%, o r 6 mm Hg. This may reflect the cumulative effect o f the 2% higher systolic pressure at rest and the 5% higher exercise intensity during the third trim ester in this study rather than a physiologically im portant difference in response. The observation that the blood pressure response to exercise is virtually unaffected by pregnancy in spite of the hyperdynam ic circulation suggests that the pressure response is governed by local dem and.
T he FHR response to moderately strenuous m ater nal exercise has been investigated repeatedly since it was proposed as a clinical test for uteroplacental insufficiency.',J We consistently observed an elevated basal FHR after the maximal bicycle test. This probably re flects the increase in body tem perature rather than fetal distress and confirms similar observations after less strenuous exercise.™-21 Although abnorm al heart rate patterns, including bradycardia, have been reported during exercise,2,8 o th er studies have adduced evidence that these abnorm al patterns are artifacts caused by rhythmic m aternal movements d uring exercised D ur ing recovery from exercise such artifacts are less likely to occur. Fetal bradycardia has been reported to persist occasionally for 4 minutes after exercise,2 and one studyreported a 19% incidence o f fetal bradycardia (defined as a heart rate <110 beats/m in for a 10 seconds) within a few minutes after maximal maternal exercise before return to a normal heart rate.22 O ne may only speculate as to what may have caused these changes. We were unable to record FHR reliably during the bicycle test but found the pattern unchanged after exercise and 5 minutes o f cooling down. We did not m easure FHR within 5 minutes o f maximal effort. However, with the use o f invasive techniques it has been dem onstrated that even exercise at the point o f exhaustion has little effect on FHR in experim ental animals and that fetal blood gas values remain within norm al limits. 23 We observed uterine contractility after exercise in some women. This is in agreem ent with observations by others who reported either occasional slight increases2' o r no change25 in uterine contractility in re sponse to physical activity, without progression into labor.
In conclusion, we obtained no evidence that stren uous exercise o f limited duration in pregnancy m ark edly modulates the ECG or blood pressure response or affects the FHR pattern. T he safety to the healthym other and fetus o f strenuous exercise o f long duration remains to be studied.
